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QuUICK SUMMARY OF IXPE

= NASA Explorer Mission, cost

capped at $175M (FY15)

= Pl: Martin Weisskopf, MSFC

= Class D Mission managed by MSFC

= LEO observatory that measures
spatial, spectral, timing, and
polarization state of X-rays from 49
known astrophysical targets

= Ball Roles: Spacecraft, Payload
mechanical, AI&T, and Mission Ops
(with LASP)

= MSFC: Management, X-ray optics,
SOC

= ASI (Italian Space Agency):
Detectors Units, Ground station

= Phase B starts now; launch Nov
2020

Three telescope mirror
module assemblies (MMA)
TRL 6, Flight heritage

Three depolayble
shields
TRL 7, Flight heritage

Tip Tilt Rotate (TTR)
Mechanism
TRL 7, Flight heritage

Deployable Boom with
Thermal Sock
TRL 7, Flight heritage

v "' P -
Spacecraft ' { .
TRL 6, Flight heritage &

Three detector units
TRL 6, Qualified prototype



IXPE

B Imaging
BT A IXPE SCIENCE

wemawcde  Explorer

= X-ray emission from energetic processes: In-fall of matter into Neutron Star or
Black Hole, synchrotron or shock emission, or very hot regions

= Can originate both from point and extended sources; Imaging separates these
sources

= Polarization of X-rays if there is anisotropy in emission geometry or mag field,
plasma reflections, or general relativistic effects

Crab Pulsar

Extended X-ra Formation of extragalactic jets
Y from a black hole accretion disk

emission

Extragal
jet

OVS/VSYN :Mpatd
19S1S pue VSI/VSYN:MpaL)

Imaging separates regions with Polarization probes the source

different emission mechanisms geometry and mag field strength



http://www.nasa.gov/
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* Active galaxies are powered by supermassive Black Holes with jets
* Radio polarization implies the magnetic field is alighed with jet
* But other models also consistent with current observations
* IXPE can image the Cen A jet and separate from other sources in the field
(e.g., Ultra Luminous X-ray source)

Rl Y el B ot L% A e _§§° .
~42°58'00, 0" INMMSSSS NSRRI, HNN— SN N
Centaurus A (IXPE 1.5 Ms) i 24 - - IXPE angular
G . ': 5o " resolution
59'00. 0" - _,:A So LSS A A - -40

5 --30 “ ' - = { .
— : 0 © - o .
§-43°00'00.0" 0 -E' & ;
N ) " &
- JE . v .. »
0o (5] . Ba

01'00.0"

p N N
IXPE field of view

02'00.0" % =6 kpc

42.00s  36.00s  30.00s 13h25m24.00s
RA (]2000}



s s conee 1MATING
@ %‘jé’r?’mew IXPE SCIENTIFIC OBJECTIVES

wmoreae  Explorer

= Science Objectives:

* Enhance our understanding of the physical processes that produce X-rays
from and near compact objects such as neutron stars and black holes

* Explore the physics of the effects of gravity, energy, and electric and
magnetic fields at their extreme limits

= |XPE addresses key questions in High Energy Astrophysics

* What is the spin of a black hole?
What are the geometry and magnetic-field strength in magnetars?
Was our Galactic Center an Active Galactic Nucleus in the recent past?
What is the magnetic field structure in synchrotron X-ray sources?
What are the geometries and origins of X-rays from pulsars?

Polarimetry of X-ray sources largely unmeasured

Opens a new window on the X-ray Universe
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* Principal Investigator q]?

* Project Management
e Systems Engineering & SMA agenzia spaziale

italicno
* Mirror Module Design, Fabrication :
’ >+ Detector System Fundin
& Calibration Y 8

» Science Operations Center (SOC) * Ground Station (Malindi)
« Science Data Analysis and Archiving * Mission Assurance (Italian contribution)

e Spacecraft o .
) e SE and SMA Support maps !H/’?

Payload Structure
» S/C, Payload, Observatory |&T * Italian PI (IPI) L—//
* Mission Ops Management

* Polarization-Sensitive Detector System

* Payload Computer
&I=LASP

* Mission Operations Center
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Italian Space Agency __international NASA SMD
(ASI) Agreement Astrophysics Division

W

Goddard Space Flight Center

Explorers Program Office

= IXPE Project
Marshall Space Flight Center Team
Project Lead, P, Science, Optics
k W
INFN IAPS/INAF H

Detector Filter Wheel, BEE, Ball Aerospace

Assembly PL FCE&SW Bus, Payload Elements, Obs I&T
Co-l Co-l

W b
Contractual Relationship LASP LSP )
> Mission Operations Lounch Vehicle

CLEAR INSTITUTIONAL ROLES, WITH WELL-DEFINED INTERFACES
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" Martin Weisskopf, PI = Jeffrey Kolodziejczak, Co-I
" Brian Ramsey, Deputy Pl * Roger Romani, Co-I

= Paolo Soffitta, Italian PI

" Ronaldo Bellazzini, Italian L\ :

* Giorgio Matt, Co-I

* Enrico Costa, Senior Co-l " Ronald Elsner, Co-|

= Steve O’Dell, Project " Luca Baldini, Co-l
Scientist * Luca Latronico, Co-l
* Allyn Tennant, Co-l

* Fabio Muleri, Co-l
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= [XPE Observatory is a single flight element
= Observatory launched to a 540 km, 0° orbit
= Pegasus XL launch vehicle is baselined

= 3 critical events occur within ground or TDRSS
contact
» Separation from launch vehicle (TDRSS) — free flying S/C
* Solar array deployment (TDRSS) — full power available
* Payload boom deployment (Malindi) — ready for payload
commissioning
= Observatory comm via S-band link

* Half of available Malindi contacts meet data download
requirements for high data rate targets (e.g. The Crab)

— Most targets require only 2 (of 15 available) contacts per day

10
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+Z Star
Tracker

Set of three mirror module
assemblies (MMA) focus X-
rays onto three
corresponding focal plane
detector units

Mirror modules provide imaging
and background reduction

Tip Tilt Rotate (TTR) Mechanism
(used once to correct boom
deployment offset)

Detector Units
(3x)

Shields (3x, to
minimize X-ray
background)

Mirror Module
(covered by Thermal Sock) Assembly

(MMA) (3x)
Detectors provide position, energy
and polarization information,
photon by photon, plus time stamp

—Z Star Tracker

11
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Central

24 Nested Tube

Paraboloid Hyperboloid
Mirror Shells

Surfaces Surfaces

X-rays Thermal Housin
4 == Pre-Collimator £

Li[’nit
Focal Point Spider

X-rays

350 mm
(diameter) .

ue -=""730 mm (length)

Heritage Design Approach

* Asingle rigid spider supports the 24 nested
shells and attach module to structure

Rigid Support Spider  Shell Mounting Comb

IXPE Mirror Module Assembly

* Electroformed Ni shells use a proven fab process
* Mounting combs provide shell attachment points
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DETECTOR A CONTRIBUTION FROM ASI

Photoelectron
X-ray polarizat

detector

Z direction

Photon

polarization
 ———

Angular distribution on
the detector plane

Detection uses photoelectric effect
X-rays absorbed in detector fill gas

emission aligned with
ion vector

Electron multiplier with pixelated

Ai Incoming photon

Photon
polarization

N

Ejected photo-electron

>
\ y direction

Distribution in space of K-shell
photoelectrons after the
absorption of a polarized

x direction photon beam

Gas Pixel Detector (GPD)

Flexible cables _
Ti frame

Be window = .

Gas cell o )
Miniboard . “* - 8.
Al flange . Soss = "8
- 7 \ Laboratory DAQ
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IXPE

Photons to Data Products
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= Design Reference Mission (DRM) targets studied in detail during Year 1

* Year 2 is available for follow up observations, targets of opportunity, survey of
additional sources

= |XPE also has high technical margins

291.7 kg 380.0 kg 30.3%
Science Data Storage 4 GB 6 GB 50%

w/30° offset

53.1 arcsec (30) 25.2 arcsec (30) 110%

LOS Co-alignment Accuracy, X-axis 19.8 arcsec (30) 9.5 arcsec (30) 107%
LOS Co-alignment Accuracy, Y-axis 26.7 arcsec (30) 12.8 arcsec (30) 109%

LOS Pointing Knowledge 34.5 arcsec (30) 17.3 arcsec (30) 100%
Link Margins >3 dB >3.9 dB >3 dB

15
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Malindi/l/ Singapore 3 "
(Backup) TDRS
woisc,/]/
RT Cmd, Tim
NRT Tim
ASI Gateway RT Cmd, Tim
Fucino, Italy NRT Tim
. RT Cmd, Tim for
Malindi Sched y
g RT Cmd, TI
Status, NRT me | s
Tim (Malindi) Firewall/Gateway Firewall/Gateway|
JSC GSFC " RT Cmd. Tim | FDF* DSMC
' e GSFC WSC
» for Malindi,
HEASARC CengglpgAFs Singapore lIRVs for GN/SN ShgaoTe/SN: Sctied,
IXPE Final Mission Status
Science  Pradad NRT
P i A TIm »| Mission Operations Center RT Tim VAFB
SOC Singapore CU/LASP
System| WMSFC fogaporel
RT Tim
RT/NRT Tim, Load Procs, Kwajalein
Planning Aids/Timelines
RT Tim I&T Facility/Flatsat
Ball
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IXPE INTEGRATED MASTER SCHEDULE

m—
FY2016

—
FY2017 [

—
FY2018

—
FY2019

— m— m—
FY2020 FY2021 | FY2022

FY2023

|
2015 |

2016

2017

2018

2019

2020 2021 2022

2023

! |
ASONDJFMAM) JASONDJFMAMJ JASONDJFMAM) JASONDJFMAM) JASONDJFMAMJJASONDIJFMAM) JASONDIJFMAMI)JASONDIJFMAMIJ

Mission Phases Phase A (11 mo) Phase B (13 mo) Phase C/D (34 mo) Phase E (24 mo) Phase F
8/3115 71916 11721416/ 2/117 6/30/17 21118 6/20/18 11118 10/8/19 1/9/20 4/30/20  8/27/20 'WSMSR 11/5/20 12/1/22
v v v v Y h4 hAN. 4 Y WLRR11/10/20 ¥
Major Milestones/Reviews PhA Submit Site | Flight SRR/MDR PDR IBR CDR IIRR SIR ORR PSR wrMRR 10/30/20 DR
Select CSR Visit | Select 3118 2/10/20 1214522
(KDP-B) W PLAR/KDP-E 12/15/20
WBS | WBS Title/Task CR/KDP-C KDP-D 4 Launch 11/20/20 KDP-F
1.01 | Project Management | CSR Development [ SVPrep | [ Program Planning | Project Management | Operations Management | Closeout
| CSR Development | SVPrep |
1.02 | System Engineering Requ Development [ Verification Plans | Verification Matrix | Requ Verification Sell-off I
| Trade Studies/Mission System | Mission System Er | Mission Systermn Engineering |
| Draft ICDs. I Project Plans/Final ICDs
o3 | Satety and Wission Assurance [ WAPDevelopment | | | DetaledMAPlans | | | Parts Matenals, Subcontactsuppert ]
| Inspections, MRB, Sell-off I
Science Investigation 'WMOC/SOC PDR 'WMOC/SOC COR
Science Ops Center (SOC) Reqt’s | SOC Design | Science Documentation and Training [ Science User Support |
104 | Science Data Analysis | Calibration SW Development | Science Software Development I _ _Science Flight Data Processing |
| Science Mission Planning I
Science Team and Support | Science Oversight | Science Oversight [ Science Research and Reporting |
| SEO(1yn) e
Payload Optics Assembly Design I EM Manufacturing and Test [ Flight Mirror Mod Assy Test
Optics/Mirror Modules | Flight Optics Manufacturing W Calibration Readiness Review
| Calibration Preparation |
Payload Harness [ Reqts | Design [ Mockup Fabrication/Test Critical Path Margin (work days/months)
Detector System | Phase Margin/days | Margin/months
Detector Units Detector Design \ Flight Units Mfg Test/Cal PDR to SIR 109 5
] Prototype I | _EMQual Unit SIR to PSR 51 24
1.05 Payload Computer Design | Contracts | EM Unit PSR to Launch 15 0.7
Payload Computer [Simulator| Total Critical 175 EE]
Flight Computer Fabrication/Test ——— Path Margin>
Payload Structure and Mech | Pay\uadrswuct Design| Mirror Module Support Design/Fab  eTo Bus Strudture Assembly Note: 1 month = 21 work days
Deployable Boom | ‘Boom Studies  [Spec Procure Deployable Boom |
Tip/Tilt Mechanism Requirements/Design Fab/Assy/Test
Mirror Module Support/Shields Requirements/Design Fab |
Payload Metrology Design/Fabrication H
Payload Thermal Control | Thermal Req'ts/Preliminary Design | Heaters/Temp Sensors ——
Payload 1&T | 1&T Planning | Plans/Procedures I1&T
Spacecraft Development (Ball)
Spacecraft Program Management | | CSR Development | SvPrep | | Program Planning Project
Spacecraft Mission Assurance | Detailed MA Plans | Parts, Subcontract Support, Inspectibns, MRB, Sell-off Bl Funded Schedule Margin
Spacecraft System Engineering | Requirements Development | Verification Plans Verification Matrix | Reguirements l-off [ Schedule Slack
ADCS | ADCS Reqt's/Preliminary Design RWASs, Star Trackers, Rods, Mag SSs — Primary Critical Path
C&DH | C&DH Reqt's/Preliminary Design EM and Flight IAUs —— Secondary Critical Path
106 [ Flight Software [ 11 Requirements FSW Documentation | FSW Build [FaT
RF and Communications Telecom Reqt's/Preliminary Design Transponder, Antennae, Cables, Switches
EPDS EPDS Reqt's/Preliminary Design Solar Array, Battery
Spacecraft Harness | Req'ts | Design | Mock-up | Fab/Test |—
Spacecraft Structure and Mech Structure liminary Design Design | Fabrication | Assy/Test
Spacecraft Thermal Control Thermal Reqt's/Preliminary Design Design Blanket Fab/Assembly +
Spacecraft |&T I&T Planning Plans/Procedures 1&T H
Mission Operations WMOC/SOC PDR 'WMOC/SOC CDR
107 | Mission Ops Development [ MOC Planning/Requirements | MOC Design | DevelopmdcHW/SW |
Commissioning Docs{Training, Rehearsals, MSTs
Mission Operations (LASP) Commissioning | Mission Operations (LASP) [ Decomm
1.08 | Launch Vehicle [ LV Selection Initial ICD FinalICD |
Ground Operations
1.09 | Metwork Development | Network Planning [Req! nts| SDRLs/Plans | ICDs, Datat Command/Telemetry Validation | N k Tests | ‘
Malindi Stations t [ Readiness Support ations/Maintenance | Decomm
110 Observatory I1&T ] Observatory |&T Planning Plans, Procedures, GSE Obs 1&T bite Processing
. Launch Site Operations Drft MSPSF, ICD Plans, Procedures, MSPSP, ICDs
1.11 | Education and Public Qutreach | EPOPlanning Media, Events, Website Develof ~ Website Maintenance, Mission/Science Media Events |
MIT Student Collaboration Track Analysis | Algorithms for X-ray Data Analysis | Training |
A12567_13
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" IXPE Project Phase B Kicked off in February
2017

" SRR planned mid-September 2017

" PDR planned February 2018

" Observatory built up from heritage elements
= X-ray optics build starts at MSFC 2017

" Gas-pixel detector fabrication starts 2017

=" Launch planned November 2020

18
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